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I. REAL PARTY IN INTEREST. 

The real party in interest of this application is Micron Technology, Inc. as evidenced 
by the assignment of the pending application to such party recorded at reel 01 31 82, frames 
0597-0601 on August 6, 2002, in the Assignment Branch of the Patent and Trademark 
Office. 

II. RELATED APPEALS AND INTERFERENCES. 

There are currently no appeals or interferences which will directly affect, be affected 
by, or have a bearing on the Board's decision in the pending appeal. 

III. STATUS OF THE CLAIMS. 

Claims 35-39, 41 -48 and 75 are pending in the application with claims 1 -34, 40 and 
49-74 being previously canceled from the application. Claims 35-39, 41-48 and 75 stand 
finally rejected and are the basis for the present appeal. 

IV. STATUS OF AMENDMENTS. 

No amendments have been filed in the application subsequent to final rejection. 
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V. SUMMARY OF THE CLAIMED SUBJECT MATTER. 

A concise explanation of the invention defined in the claims that are the subject of 
the present appeal follows. The invention pertains to a method of forming lines comprising 
aluminum and having a titanium nitride (TIN) layer over the line. The methodology of the 
invention is aimed at reducing defects in the TIN layer and minimizing processing time 
(page 2, line 21 through page 3, line 14). 

Referring to Fig. 3, a substrate 32 having a diffusion region 34 is illustrated. An 
insulating layer 36 has a contact opening 38 extending to diffusion region 34. At the stage 
of processing shown in Fig. 3, a layer of titanium 40 has been deposited to provide a 
wetting layer as described in the text of the specification at page 6, line 20 through page 7, 
line 2. 

Referring to Fig. 4, a layer of elemental aluminum or aluminum alloy 42, also 
referred to as first layer is deposited. As depicted in Fig. 4, first layer 42 can completely fill 
the opening and extend over insulative material 36. Deposition of first layer 42 is deposited 
in a processing tool with at least an outermost portion of the first layer being deposited at a 
deposition temperature of at least 400°C as described at page 7, line 24 through page 8, 
line 2. 

A second layer 44 is formed over first layer 42 by depositing elemental titanium or a 
titanium alloy (page 8, lines 3-7). The outermost portion of the first layer is sustained at a 
temperature of at least 360°C prior to depositing the titanium (page 8, line 20 through page 
9 line 12). The second layer contains an alloy of the deposited titanium and aluminum 
from the first layer (page 8, lines 8-10). 
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After formation of second layer 44, a layer of titanium nitride 46 is deposited over 
the second layer as shown in Fig. 6 and described at page 9, lines 7-9. The resulting 
construction is subjected to photopatterning to form a conductive line 50 as depicted in Fig. 
7 and described at page 10, lines 6-10. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON 
APPEAL. 

The grounds of rejection presented for review and position of the Office are 
concisely stated as follows. 

The rejection of independent claim 35, and claims 36-39, 41-45 and 75 which 
depend therefrom, under 35 U.S.C. § 103(a). 

Independent claim 35 and its dependent claims 36-39, 41-48 and 75 stand rejected 
under 35 U.S.C. § 103(a) as being unpatentable over a combination of: U.S. Patent No. 
5,582,881 issued to Besser et al. (henceforth "Besser"); U.S. Patent No. 6,140,288 
issued to Shan (henceforth "Shan"); U.S. Patent No. 5,909,635 issued to Marieb 
(henceforth "Marieb"); and U.S. Patent No. 5,925,933 issued to Colgan (henceforth 
"Colgan"). 

In the Office Action dated April 06, 2005 (henceforth "Action"), the Office indicates 
reliance upon Besser as disclosing methods of sputtering aluminum or aluminum alloy 
films, followed by sputtering titanium films on the aluminum layer (Action at pages 2-3). 
The Besser disclosure is relied upon as teaching processing temperatures and forming 
a titanium alloy with aluminum from the aluminum-comprising layer during deposition of 
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titanium (Action page 3, paragraphs 1-2). Besser is also relied upon as disclosing a 
wetting layer (Action page 8, paragraph 6). At page 4 of the Action, the Office indicates 
that the differences between Besser and Appellant's claims are that Besser does not 
disclose the following features of claim 35: forming the outermost portion of the 
aluminum layer at a temperature of at least 400°C; preventing the outermost portion of 
the layer from cooling below 360°C during deposition of titanium; formation of the layers 
into a conductive line; and providing a substrate having an opening extending through 
an insulating layer to a diffusion region. The Office additionally acknowledges failure of 
Besser to teach or suggest various features recited in the dependent claims. 

Shan is indicated as being relied upon for disclosure of maintaining a 
semiconductive wafer at a relatively high temperature to allow reflow (present action at 
page 4, paragraphs 3-4). The Office contends that it would be obvious to modify the 
teachings of Besser by depositing an outer portion of aluminum at a temperature of at 
least 400°C to allow reflow as described in Shan. 

The Office indicates at page 5 of the present Action that Marieb is relied upon as 
disclosing accelerating a reaction between titanium and aluminum to form a TiAla 
product by maintaining a temperature of greater than 350°C. The Office contends that 
it would be obvious to maintain the temperature to be greater than 350''C during the 
formation of Ti/AI depositing as described by Besser in light of these teachings of 
Marieb. Motivation for such combination is indicated as being optimal temperature 
conditions for reacting aluminum and titanium (action at page 6). 

At page 7 of the present Action the Office indicates that since Marieb teaches that a 
titanium deposition temperature must be 350°C to 450°C to cause formation of TiAb "it 
would not have been obvious to permit the aluminum layer to cool below the minimum 
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temperature required for the formation of TiAla in the adjacent deposition step since it 
would have reduced the throughput of the system by requiring an additional heating 
step prior to depositing the titanium". 

At pages 7-8 of the present Action the Office indicates reliance on Colgan as 
disclosing formation of an interconnect by deposition of aluminum followed by Ti and 
TIN with the resulting layers being photolithographically etched to form patterned lines. 
Shan is also relied upon as disclosing photopatterning a multilayer structure into 
conductive lines (Action page 8, second paragraph). Combining the Shan and Colgan 
disclosures of patterning to form conductive lines with the teachings of Besser, the 
Office contends that it would be obvious to photopattern the layers into conductive lines 
as recited in claim 35. 

A combination of Shan and Besser is indicated as rendering the recited structure of 
claim 35 obvious with respect to "the substrate arrangement" (Action page 9, paragraph 
3) because Shan teaches metallization including providing a dielectric layer, forming 
contacts or vias in the substrate and depositing multi-layer metallization layers on the 
substrate, while Besser indicates processing designed for fabrication of semiconductor 
devices and that uses can include vias or contacts (Action page 8, paragraph 6 through 
page 9, paragraph 4), 
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II 


VIL ARGUMENT 

The rejection of independent claim 35, and Its dependent claims 36*39, 41-48 and 
75 should be overturned since a prima facie case of obviousness has not been 
established. 

In accordance with MPEP §§ 2142 and 2143, a proper obviousness rejection has 
the following three requirements: 1 ) there must be some suggestion or motivation to modify 
or combine reference teachings; 2) there must be a reasonable expectation of success; 
and 3) the combined references must teach or suggest all of the claim limitations. In order 
to establish a prima facie case of obviousness, each of these three factors must be shown, 
the burden of which is upon the Office (MPEP § 2142). Appellant respectfully submits that 
the Office has failed to meet this burden, no prima facie case has been established and 
claims 35-39, 41-48 and 75 are therefore allowable. 

Referring to independent claim 35, such recites providing a substrate having an 
opening extending through an insulating layer to a diffusion region and physical vapor 
depositing a first layer comprising at least one of elemental aluminum or an aluminum alloy 
where the first layer is deposited over the insulating layer and filling the opening. Claim 35 
additionally recites physical vapor depositing titanium (elemental or alloy) on the first layer 
to form a second layer. An outermost portion of the first layer is deposited at a 
temperature of at least 400°C and is sustained at a temperature of at least 360C prior to 
depositing the titanium. Claim 35 further recites depositing a third layer comprising 
titanium nitride on the second layer and photopatterning the first, second and third layers 
into a conductive line over a contacting plug within the opening. If any one of these recited 
features, or a combination thereof, is not disclosed or suggested by the combination of 

S:\MI22\1636\AB-doc o 


references relied upon by the Office a prima facie case of obviousness has not been 
established. 

In order to establish a prima facie case of obviousness, the references relied upon 
by the Office must suggest the recited depositing of a first layer of Al or Al-alloy over the 
insulating layer where the first layer fills the opening and wherein a layer of 
titanium/aluminum alloy is formed on the first layer. There must be a suggestion to deposit 
the outermost portion of this recited first layer at a temperature of at least 400°C and 
sustaining a temperature of the outermost portion of at least 360°C prior to depositing Ti to 
form the Ti/AI alloy. Besser discloses formation of various metal comprising layers which 
can include elements such as titanium, aluminum, or a mixture thereof. As acknowledged 
by the Office at page 4 of the present Action, Besser does not disclose or suggest an 
insulating layer having an opening extending through to a diffusion region or formation of a 
first layer over a substrate having an insulative layer and opening extending therethrough. 
Accordingly, Besser does not disclose or suggest the claim 35 recited formation of a first 
layer over an insulating layer and filling an opening through the insulating layer. Nor does 
Besser disclose or suggest depositing an outermost portion of an Al-comprising layer at a 
temperature of at least 400''C and maintaining a temp of at least 360°C until depositing of 
Ti on the Al-layer which fills the opening. 

The Office indicates reliance upon Colgan as suggesting photopatterning of layers. 
Nothing in Colgan contributes toward suggesting the claim*35 recited formation of a first 
layer comprising aluminum over an insulating layer and filling an opening which extends 
through the insulating layer, 

Marieb is indicated as being relied upon as disclosing heating of a device having a 
titanium layer over aluminum at a temperature of 350°to 450°C in order to alloy Ti and Al. 
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However, Marieb indicates this heating in association with Ti deposition over a conductive 
structure which occurs after formation of a multilayer structure and etching to form the 
conductive structure (Col 3, II. 3-31).. Such disclosure does not suggest or contribute 
toward suggesting the specifically recited depositing of the outermost portion of the Ah 
comprising layer at the recited temperature or the recited sustaining of the temperature of 
the Al-comprising layer prior to Ti deposition. Nor does Marieb contribute toward 
suggesting the claim 35 recited formation of such aluminum-comprising layer over an 
insulating layer and filling an opening through the insulating layer. 

With respect to the Offices statement that Marieb "teaches that the temperature of 
titanium on the aluminum layer must be 350-450° C to cause the formation of TiAI3" 
(Action page 7, first paragraph), appellant notes that such statement is in error. Marieb 
specifically states that "[h]eat , in the range of approximately 350 degrees Celsius (C.) is 
applied to accelerate the chemical reaction between the aluminum and the titanium" 
(emphasis added, Marieb, col. 3, II. 27-30), and that "[t]he application of heat simply 
accelerates the reaction" (id, col. 3, II. 31-32). Accordingly, the Office's contention in 
reliance upon this statement to support the present obviousness rejection is unfounded. 
Further, the Office's finding that "it would not have been obvious to permit the aluminum 
layer to cool below the minimum temperature required for the formation of TiAb in the 
adjacent deposition step since it would have reduced the throughput of the system by 
requiring an additional heating step prior to depositing the titanium" is not based upon the 
standard for determining obviousness. A prima facie case under § 1 03 requires a showing 
of what ]s obvious, irrelevant of what is not obvious. 

At pages 8-9 of the present Action the Office addresses the claim 35 limitation of 
forming a contact opening within an insulative material and depositing a first layer 
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comprising aluminum over the insulating layer and filling the opening. In addressing such 
limitation the Office indicates the combination of Besser and Shan as rendering obvious 
the recited subject matter. Specifically, the Office indicates that although Besser does not 
disclose the recited opening through an insulating layer, such openings are common, and 
that Besser indicates that the disclosed multilayer structure can be utilized for vias or 
contacts in semiconductor devices. The Office indicates that this commonality of vias in 
combination with the metallization disclosed by Shan renders claim 35 obvious because 
Shan discloses providing a via within a dielectric layer and subsequently depositing 
multilayer metallization layers 3-8 on the substrate (present Action page 9). 

Referring to Shan Fig. 1 , an opening is disclosed as extending through a dielectric 
layer 1. A wetting layer 3 is deposited and comprises Ti (see column 8, lines 56-57). A 
seed layer 4 is then formed over the wetting layer with the seed layer being deposited in a 
cold deposition step for an amount of time to ensure coverage of the substrate surface and 
typically being an amount of metal less than or equal to about 25% of the overall thickness 
of the metal layer to be formed (column 6, line 31 through column 7, line 15). As depicted 
in Fig. 1 , seed layer 4 only partially fills opening 2. After formation of the seed layer, Shan 
discloses a second step utilizing slow hot deposition which fills the remainder of the 
opening (Fig. 1 and text at columns 1 7-20). Such second step utilizing slow hot deposition 
can have a temperature of 300°C to 420°C (column 7, lines 32-33). The power and rate of 
deposition is then increased to continue deposition and form an outermost portion of the 
material at a temperature of from 350''C to 390^C (column 8, lines 41-53). 

Referring again to the language of Appellant's independent claim 35, it is noted that 
the recited first layer comprising aluminum is required to fill the opening with an outermost 
portion being deposited at a temperature of at least 400°C. The claim language 
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additionally requires titanium alloy to be deposited on the first layer without cooling of the 
outermost portion to less than 360°C. This processing is illustrated in Fig. 4 which 
indicates first layer 42 filling the opening and subsequent formation of second layer 44 
during depositing of titanium material as shown in Fig. 5. In the Shan disclosure, none of 
the resulting layers meet the requirement of independent claim 35 recited limitation of a 
first layer formed over the insulating layer and filling a gap with the outermost portion of the 
layer being deposited at a first deposition temperature of at least 400°C, where subsequent 
deposition of titanium alloy on the first layer forms a second layer comprising an alloy of the 
deposited titanium and aluminum from the first layer. 

It is noted with respect to the Shan disclosure that deposition during the slow hot 
step can be at a temperature of up to 400''C and that such second step fills the opening. 
However, deposition is continued at a substrate temperature of from SSC'C to 390°C. 
Therefore, if combined layers 4, 5 and 6 are interpreted as being the "first layer" the 
outermost portion is not formed at a temperature of greater than or equal to 400°C as 
required in independent claim 35. If layer 5 is interpreted as being the "first layer*' there is 
no suggestion or teaching of depositing a titanium alloy on such layer to form an alloy 
including aluminum from such first layer as required in claim 35 since the only disclosure in 
Shan is to increase deposition rate of "the metal" during a third deposition step. 
Accordingly, the combination of Besser, which fails to disclose or suggest any particular 
structure having an opening extending through an insulating layer to a diffusion region or 
formation of any specified layers within or filling such opening, and Shan which fails to fairly 
suggest the claim 35 recited forming a first layer which fills an opening, has an outermost 
portion deposited at a temperature of at least 400°C, and has a subsequent titanium alloy 
deposited thereon, fails to disclose or suggest each and every element of claim 35. 
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Since the cited combination of references fails to disclose or suggest each and 
every element of claim 35, no prima facie case has been established. At page 10 of the 
present action the Office indicates that previous rejections have been maintained because 
"Applicant's response does not provide any clear and convincing evidence that the prior art 
rejection does not teach or suggest the claimed invention, and in particular depositing a 
first layer comprising elemental aluminum or an aluminum alloy, the layer being formed 
over an insulating layer and filling an opening within the insulating layer". Appellant again 
notes with reference to MPEP § 2142 that the burden to establish a prima facie case is on 
the Office. Appellant need only provide evidence once the Office's burden has been met. 
As indicated above, the Office has failed to meet this burden. In contrast to the statement 
of the Examiner in the present Action, it is not Appellant's burden to provide "any clear and 
convincing evidence". Since no prima facie case has been established, independent claim 
35 is allowable over the art of record. 

Dependent claims 36-39, 41-48 and 75 are allowable over the various cited 
combinations of Besser, Shan, Colgan and Marieb for at least the reason that they depend 
from allowable base claim 35. 
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Conclusions 

For the reasons discussed above, claims 35-39, 41-48 and 75 are allowable over 
the art of record. In view of the forgoing, reversal of the final rejection of claims 35-39, 
41-48 and 75 and formal allowance of such claims is respectfully requested. 


Respectfully submitted. 


Dated: g^^^^^^f 
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VIII. CLAIMS APPENDIX. 


Claims 35-39, 41-48 and 75 stand finally rejected and are the basis of the 
present appeal are presented below. 

35. A method of forming an aluminum comprising line having a titanium nitride 
comprising layer thereon, the method comprising: 

providing a substrate having an opening extending through an insulating layer to a 
diffusion region; 

in a processing tool, physical vapor depositing a first layer comprising at least one of 
elemental aluminum or an aluminum alloy over the substrate in a first chamber, the first 
layer being formed over the insulating layer and filling the opening, at least an outermost 
portion of the first layer being deposited at a first deposition temperature of at least 400°C; 

physical vapor depositing a titanium alloy on the first layer in a second chamber of 
the processing tool while at least an outer portion of the first layer is at a temperature of at 
least about 360''C, and forming therefrom a second layer comprising an alloy of titanium 
and the aluminum from the first layer in the second chamber during said depositing, the 
alloy having a higher melting point than that of the first layer, and wherein essentially all the 
physical vapor deposited titanium alloys with the aluminum of the first layer during the 
depositing, the outermost portion of the first layer sustaining a temperature of at least 
360°C between the depositing the first layer and the depositing the titanium alloy on the 
first layer; 
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physical vapor depositing a third layer comprising titanium nitride on the second 

layer; 

removing the substrate from the processing tool after depositing the third layer; and 
photopatterning the first, second and third layers into a conductive line over a 
contacting plug within the opening and in electrical connection with the diffusion region. 

36. The method of claim 35 comprising depositing the second layer to have a 
thickness of from about 50 Angstroms to about 150 Angstroms. 

37. The method of claim 35 comprising depositing the second layer to have a 
thickness of from about 100 Angstroms to about 200 Angstroms. 

38. The method of claim 35 wherein the first layer consists essentially of 
elemental aluminum, an aluminum alloy, or a mixture thereof. 

39. The method of claim 35 wherein the first layer consists essentially of 
elemental aluminum. 

41 . The method of claim 35 wherein temperature of at least an outer portion of 
the first layer is at least about 360°C during the physical vapor depositing of the third layer. 

42. The method of claim 35 wherein the third layer physical vapor depositing 
occurs in the second chamber of the processing tool. 
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43. The method of claim 35 wherein the physical vapor depositing of the titanium 
alloy on the first layer in the second chamber of the processing tool forms a second layer 
comprising an alloy of titanium and the aluminum from the first layer in the second 
chamber during said depositing. 

44. The method of claim 35 wherein the first deposition temperature is at least 
about 450°C. 

45. The method of claim 35 wherein the first deposition temperature is greater 
than 450X. 

46. The method of claim 35 wherein after the first layer physical vapor depositing 
and before beginning the physical vapor depositing of the titanium alloy, letting the 
outermost portion of the first layer cool from the first deposition temperature by 25°C or 
less. 

47. The method of claim 35 wherein the first deposition temperature is at least 
about 450°C, and wherein after the first layer physical vapor depositing and before 
beginning the physical vapor depositing of the titanium alloy, letting the outermost portion 
of the first layer cool from the first deposition temperature by 25°C or less. 

48. The method of claim 35 wherein the first deposition temperature is greater 
than 450°C, wherein after the first layer physical vapor depositing and before beginning the 
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physical vapor depositing of tlie titanium alloy, letting the outermost portion of the first layer 
cool from the first deposition temperature by 25°C or less. 


75. The method of claim 35 further comprising: 

prior to depositing the first layer depositing a wetting layer within the opening; 

and 

wherein the depositing the first layer over the substrate comprises depositing 
the first layer over the wetting layer. 
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IX. EVIDENCE APPENDIX. 

None entered. 
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X. RELATED PROCEEDINGS APPENDIX. 

No decisions entered. 
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